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SYMCHRONIZER

Frequency Generator
The praliminary design of the frequency gensrator was finished

and the schematic and parts list was completed, The parts list does
not inclnde special ReF coil drawing mmbers as these will have to be
worked out on the broadbogrd and assigned new drawing numbers later,

The “varicep® (voltage-variable silicon capacitors) desiem for
the modulator section has bean determined and proven feasible., Pree
1iminary data indicate a modnlator sensitivity of mearly twice the
deadgn gaai. Drawing mmber S76R65L has been assigned to "varlcaps",

C#34 has released our specifications {on the oscillator end
discrimnator) to purchasing on 2/9/61. Delivery of one treadboard and
2 prototypes will take approximately 12 weeks so that the frequerncy
generator design cannot be proven before 10 ¥May 1961. The oscillator
and diseriminator together will cost approximately $1200.00 per set
for final models es well as for the breadboard and prototype units,
Bync=lianerator

The design and preliminary testing of this unit is completed.
Schematic and parts list have also been completed. A borrmwed jitter
tester will be available soon for a prelisinary look at the inherent
Jitter on the syncegen output pulses. Jitter is expected to be greater

than originally anticipated bocause the original gating design was
found wnworkeble with the high clock frequency used,
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Effert is now directed toward the final physlcal configuration
of these cireuits using printed eircult techniques. ¥hen the Ybreadboard®
printed circuit boards have been proven satisfactory, the design will be
given to drafting for duplication. | |

. Oseillator units for the bresdboard are on order ami are due on
10 March 1961, Cost for this item is §332,00 per unit,
Measurements made upon the borrowed STALO units have shawn the
frequenoy deviations sth0O cps and 800 cps are oxcessive, ’*mmm
due to light ghocks were Pound to be eonsiderably greater under 850 cps
modulating frequencies than at gream modulating frecuencies., These
mmmn‘ba were takon without vibration isolators. The Db, mliﬁ.ea*
(!rift«umfw to be within 1imits as long as the LOO cps line volbage
wariod less than 1%, A D.JOC. aﬁgﬁiﬂw with more gain and theoretically
more stable with respect to line varistions and eathode emission has been
built, and will be checked oute | ’

Negotliations are being made $o obtalin 3 stalo units from production.
These then are to be modified in the model shop far the production units.
HAVICGATION TIBeIN

& servo amplifier umit has been cbiained. A gear assembly to
which the geared servo-notor, peared stap-mntm* and two eontrol potentiometers
are mounted 48 being designed and constructed. Hegotiations are baing
made to purchase a step-motor with an appropriate gear box. A parts list
and a schematic has been completed,

gECRET
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A W41l Ship® date of 2/22/61 has been received for the traveling
wave tube, 2 30 mo receiver was oblialnad and checked out for use in testing
the TWT noise fipure, (ther test equipment including a TWT power supply
will be ready by 2/24/61,

The I¥ amplifier schematic was completed and parts list made and
& breadboard layout started. The video amplifier schematic was started.

It was docided that the synchronous mixer should be meﬁ from the EF‘
amplifier to the vides splifier for betier impedance wmatching and for
lowor cable losses, Two double balarnced synchroncus rixers have been
designed and constructed, one using 6688 mimleture pentodes and the other
amploving 7077 ceraic triodes, 3Doth have undergone gone t@m‘
of the space saving aﬁ\vuntage of uaing the ceranie triodes the circuis
utilizing them has received the most attention.

| Problems were ancountered in attenuating the 1.0, signal in the
detector cutput and also in obtaining the required frequency response,
In the cireuit using the 6688 pentodes the attenuation of the L.0. 1&
the cutput wee marginally satisfactory without any atterpt to provide
additional) :i’iiteriﬁg. The frequency response of this detector was nob
yet gdequate when work on it was discontimued, In the detector employing

the 7077 triodes a series resomant trap was required in the output to
obtain sufficient attemation of the L.0. signal, Work iz presently
contimiing to obtain the desired frequency response in this eircuits
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As part of this woerk it was necesegary fo design, construct, and

test a 120 mo power amplifier whieh is used with a signal generator Lo
provide the L,0, signal of proper srplitude,

A receiver failure detector eircuit, which is compatible with
the system Pallure monmitor, was desigzned, breadboarded and tested, This
eircult, conslisting of two transistors and four resistors, will be ine
alunded in the vides w;plifiwa and will deteet the loss of receiver neié&.
The eircuit will be tied in to the fallure lipght on the conirol panel such
that the light comes on 1f nolse is lost,

POWER ﬁiﬁ’i’g » CONTROL, PAKEL
& revised quote hes been received froam Cosponents Section. Two

quotes have been roceived from cutside suppliers, Three outside suppliers
have not quoted, but sre expected to quote and will have these gquotes in
to Westinghouse by 2/20/61l. Approximately eight other cutside suppliers |
sent a "no bid® answer,

The turn on procedurs has been coepletely reviesd and most of
the componmonts for this procedure have been detersined,

4 tentetive parts liet and schematic for the power supply have
been completed,

A tentative parts list and schematic for the conirol panel has
been completed. A sketch of the layout of the conirsl pansl has been made
and this sketeh is walting approval before being placed in drafting,

mi Wﬂta have been placed with Corponente Section for two

switches on the Comtrol Panel and also to pub four ﬂf‘ ‘

filament transformers on to Westinghouss drawings,

SECR
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MODBLATOR
The design of the contrel panel and controlling sequence required
some chanpes in the modulator. It was decided that additional interlocks
guch as lc:,ystroﬁ heater current, modulator pressure and other interlocks
onn the ReT would b used on the moddulator high voltage. 7These chanpges
weys incorporated in the modulator design,e
Drafting is proceeding on the modulator. The trigger generator

layout has besn completed, The filter box layout is complete and detalle

ing under way. layout of the complete modulator is nearly complate.
Construction of the first breadboard is proceeding. The ceramic
thyratron and inverse diode have been received, The PFN, charglng choke,
pulse transformer, high voltage power supply and klysiron heater M-
former will not be received for sbout 2 months, Pending thelr recelipt,
& high voltage supply, PP and charging choke from another radar are
being used in the modulator breadboard. Checkout of the trigpering
atability of the klystron and the inverse diode @emtmﬁ can be checked
with these sunstitutes and as the new em@amm‘aﬁ are recelved they can
be inscorporated,
BESCHANT RING

In conjunciion with it was determined that
the 1/3 height dump switch is not sultable for this sppiication; i.0. 1t
is too lopsy wnfired, and dose not present a pood short, or fast rise
times, in the fired conditione
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Work was remmed with the 111 height wavaguide gwitch, and
saveral significant resulls were obtained, due mainly to the high power
available from the LJS0 modulaters |

(1) ‘'dth constant pover in the ring, rise time of wiput
pulse increases L to 1 s the gap increases from
2/6k to 5/6L with trigeer voltage a 3 KVe

(2) Increasing trigrer voltape will decreage rise time .

(3) “ith trigeger woltage constant, and BF incident at
switches just below the self«braakdown vglus for esch
gap spacing, rise time increases 2 to 1 as the gap
sncreased fram 2/6k to 5/6k.

{L} Holdwoff of 180 X« peak in the ring was attained, with &
vise time of 2.5 nanosec, at a gap spacing of L/f6h.

Control drawing and a FD3 for tha fimi ring were completed,

They and the ND2Sh necessary for transmittal to suppliers have been
submitted for supplier concurrence and quotation.

The design of directional couplera, power moritors, elc,., were

completed and purchase part drawings completed where necessaljs

The wavegulde pressurization necessary for final system wasg

determined and drawings requested for necessary pressure swiiches to
prevent mruaawized operatione
SHIICH TUBES

& tube was constructed in whlch a trigger electrode was inserted,

and at the same time iriggering circuitry and HaV. power supplies were

aasembled to supply a trigger pulse,.- The trigger pulse eonld be positiomed.

SECRER

Sanitized Copy Approved for Release 2010/11/29 : CIA-RDP67B00657R000200180036-8



Sanitized Copy Approved for Release 2010/11/29 : CIA-RDP67B00657R000200180036-8

~  SECRET

oy .
with respect is the R,F, pulse, Switehing action dviained was not
satisfactory, Pise time of the pulse appesred to be slow (aporoc, S0 856}
and switohing vas ashieved roughly 50% of the time, Tests were repoated
for chanpes in pressuve but with the same result,

One major difficulty with the trigmer eleetrods im this tube
{and also the succeeding tube) is that the gap spacing cannot be adjusted.
& readily adjusisble gap will be desirsble on fulure tubes,

A design has besn made for a tube which can be contrelled by &
magnatic Pield, A coll design was investigated that offers the
possibdility of obtaining a pulsed magnetic field with HS rise timon,

Parts for this tube and its pulming cireuitry are presently being sade
and asseniled, | |
AR

¥anifold - Tests sn various manifold test pieces are currenily
under wuays These placen are those needed to check out specifically the
design of manifold mpber 3 or 5, It is expeciad that this ranifeld design
will be relessed by 2«16«61 for fabrication by a technique such as sleciro
foreing. The corplete manifold is too ommplex o fabricate by ordinary
motal working technigues; an elsctro formed part will provide a low cost
updt for complete design evaluation as well as eveluation of the electro
forming process, This unit will be as representetive s final conliguration
as presible and 1f suitable ray Le useable ap an end use ilam.

SECREN
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. Arvay - The declszion to chamge the vertiesl apertiure Mrom
19,5* to 11" has been mads, Tactors considered in this decision are stabed
in a special sdendum bto this report (Vertical Antenna Pattern Considerations).
Semple 21" sticks have Leen evaluated Pur radisbion patterns, Vo, amd
power radiated, The demign has been revised for 11* sticks, Ivalnation
of the Zi" model indicates that more slots {on alternate sides of the
centerline) are needed. This slot confijuration introduces possible problems
with matual coupling which mast be eveluated, An experiment on & single
alot in an 11* waveruide to determine the individual slot charucteristics
is under way.

A study to evaluate the effests of aside lobas upon the overall
eystem has been completed and s atiached as an addendur to tide repord,
{antenna Side Lobe Effects in Side Looking Doppler Radsrs). It would
indicete the system is rather tolerant of the anienna patteris,

Tolerance “tudy « Computer runs for the far Cield radiation
pattern of the 131 element array with oplimum support locations as a
funetlon of various values of EI were made (modulus of elasticity of the
honeyoamb X Inertia), Tt was deternined that a value of EI of 26,1 x 10°
would be required to attain a 19,5 db sidelobe level for a nominally 25 db
array. The resulis of this phase of the study (in partieular the HOBS Y
comb requirements versus weight) are presently being diseussed Letwesn
the responaible project group and the sntenns section,
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Radome - Mothods for measuriog dielestric constants on the
flexible sarmples have been evalnated, Tests are currently under wayy
using what aprears 1o be a method valid for random thickness, low lows
smplen,

Load = Several hest tasts were conducted on 3 load materisls
at S00°F for several hours. Ho physical deterioration of azzy sample
ccenrred, The moet promising load sasple {Custom Components, Inc,)
was slsctrically monitored through the run, A VSUR wariation of 1,051}
¥ap noted., The sample sterted at 4 and reached 1,05 x 4 at J00-00*
ond maintained this value wntil the heat was removed, The evaluation
inticated that the varlation was dus o mounting chanpes rather than
paterial ohmnge, An half height load s2¢-le is now being obtained to
further evaluate mounting rethods,

Structure Anslysls = The hopeycomd beam was redesigned to
sccamodate the 11" array. A sketch of the redesigned bean and its
mounting facilities has besn submitted to O Section for thedr inforsa-
tion and to obtain epproval of the sutline dimensions and wounting polnts,
Discussions with seversl prospsctive suppliers have taken place and 5 few
suggeetiong for improved mapufacturability were made, The anticipated
cogts ars now approximately $7,500 per panel.

Manlfald f’imim = The mechandcal configuration of the manifold
has been completed and éraftmg is completing a sketch, 2 test plece

Qi E !
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from this sketeh after the successful testing of the protofypes The
lowest cost estimate for electrofomming the vanifolde, miters, transitions,
and array sticka has been received from Technicraft, They have been invited
to present detailed proposals as to method of manufacture and delivery
schedulie,

Array Tesign and Power Dividers « Zlectroforming has been selectad
a8 the most reasonable means of mamufacturing the array sticks, The cosby

of slotting the sticks by the clectricsl discharge wothod sroved to be
excastlve, The coste of milling the slote plue the Aifficultion of doe
burning rade this method as oostly or more coptly than sleetrolorming,
The arvay mgka_ have been redesigred to the 11" array requirenent, ine
corporating mounting features and load mounting provisions. The iz g o
imated cost is §16,600 for the 38 sticks,

The thermal expansion differential between the stainless steel
homeycomb and the nickel waveguide indicate a necessity of inserting
seations of flexible waveguide into each portion of the powar divider,

Tolerance Study = A new corputer run has beea made to determine
BF deterioration due to bending; using a besm of mazisum ﬁmmm {facen
of 070)s One of the factors affecting bending is that of lemperature
difference across the antenna thickness, It is slaborated upon in an
addendun to this report (“mienna Pattern - Bffect of Thermal befliostions),
If this deterioration is within acceptable lirdts, the hineyereb veas np
dagigned could be used, If not within acceptable lisits, additiong] thickness
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of antenna structure will be pecess:rTy. Ap reximately 25 lba of wed

eouléd be saved by incressing the honeycomb thickness (and overall thickness)
by 3/ii of an inch and reducing the face thickness to OUO, Hme'mr, this
would cause the antenna %o erxceed its thickness mifiaatim by 3/ of an
inch,

Radome Design - Thermal sging of sarples of adhesives and laminates
contimesn, %m‘ laminstes and approximately eight adhesives have survived
the tests so far, Bending tests have been initisted to determine the actusl
bonding charscteristics of seversl combinstions of adhesive and laminate
spainst nickel, Donding, sealinc, thermal and pressure tests will be made
an soon s tensile tesis, on cured bonding test samples, have Leen complotod.

Load and Seals - Investipations into "OF rings and prassure windows

 have besn made to determine materials necessary, cost and availabllity.,

Ioad confipu stion and mountine proviaions have Lean determined
and are awaiting TP design completion before having drawings m,_
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VERTICAL ANIENNA PATTERN COHSIDERATIONS

Design investipation has disclosed that approwimately 100 lbs weight
in the anterma could be saved if the vertiocsl aperture was reduced from 19.5
inches to 1l inches. It was computed that this could be accomplished with a
reduction of galn from 35.L4 db to 3L.9 db, The following investigationwss
made to consider the effects of the resulting change in the vertieal antenna
pattern., These considerations and comclusions can also apply to the problem
of "slititude line® effecis,

To deternine the effects of skirt shape of the antenna pattern on
the return signal, it is useful to consider the tia::i.nég sequence shown in

oy . ATy
Figure 1. P et
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Fipure 1

¥rom tho antenna pattern curves, Fipure 2, it can be seen that a return
caming from a 51° d&pr#smion angle is more than LO db below the eso? casé patiern,
gince there ig over 20 db loss each way., 7Thus 1t can be seen that there is no
problem from "first time around echo%,

w¥ro EE
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At 20,2° depression angle, however, the 11 inch antenna pattern is
only 246 db below the cac? coé pattern, giving a return B.2 db down, {Hote
that the 19 inch antenna gives a reiurn only 10 db dowm). Thus the rejection

- -

of #third time around echo® depends for the most part on the coherent integration
factor. Assuming & cfiPesd ‘integration factor of 20,3 db at the near range
(3ncluding a 2 db loss factor) a target =% 22,5 miles would be enhanced 2043 db.

The target at h3.§ uﬁlaé, however, wonld be cnhanced 3 db by the focusing action,
but attenuated 3 db by the aperture shaping, Thus the difference bebwean desired
and undesired targets would be 25,5 db for the 11 inch antonna and 30.3 db for the
19 inch antemna., |

The conclusion drawn from this is that no significant penalty is
pald for use of the 11 inch antenna,
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ANTERNA PATTERN « EFFECT N7 THERMAL DEFIECTIONS

The SOARD gntenna will show a tendency to bow due teo differential
expansion of the two faces of the honeyvomb atruciﬁum when a thermal gradient
exists across the honeycomb. This discussion atiempts to evaluate the problem
in terms of allowable terperature difference and hest flow.

Neglecting snd effects the differential expansion will cause the
anterna to assume a ci?culsr shape. The amount of bow, b in Firure 1 can be

written as

b %222 . é__ | @)

{
{
g
dhe
1

Considering the detailed view of Figure 2, we can write the relationship

between inner and outer face length as

0=Llapedy = 4L (2)
R B+ % *
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Substituting ..iZz. for é’: in (1) yields
h =l 2 1 (3)

& further substitution that can be made is %o write = L in terms of

the thermal expansion coefficient, L . .. T, Thus, the amount of how is
bel - 7T (L)

Substituting L= 132 in, - = ”g/'c, % = 1,5 in, and .iT = 1°C, the numerical
amount bow is 0,015 in/*C,

The total allowable deflection from the mean in an antenna is somee
where between # and L + v s from all causes, Arbitrarily assigning
* o as the bow due to thermal effscts rakes b equal %o N or 0412 in. Thus

& terpersture difference of 8°C 1s allowable between faces,

i TR

' SEGREL
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To relate this to heat flow, it 1z necessary to deduce a heat tranafer
cooficient for honeycomb material, The assumpiion made here is that heat trange
for is a cowbination of conduction and radiation in proportion %o the relative
eross sections of metal and space in the material,

Radisted power may be computed fram

Pre3exio [t + -:.*z)i‘ - (*f)l‘j watte/in® (%)

Expanding Pr = 37 ¢ x 1022 Fr3 1+ 62(.)2 ¢ krem)? » BT (Sa)
or Pre= 37 ex 1072 x 13 :«@ﬂ.s.;é?_ + (;1;)2 +0,25 (AT37  (5v)

Sinece T is on the order of 533° K values of <¥ on the order of 10°C or less will
permit dropping 21l the terms of (Sb) econtaining ?1_;.

Substituting T =533°K, 4T = 1°C, and e = 0,2, (assuning some roughness of the
interior surfaces of the facs plates caused by braking), the value of Pr comes
out to 0,0H0LL8 watta/iuz‘c-.

Stainless steel has a conductivity of 15 BTU fi/hr f4°°F, A piece 1,5
inches thick will conduct 0.l watts/inZ°C,

The honeysomb has a cell size 0,25 x 0.25, with 0,0015 inch material,
The cross saetio?z ia therefore 1.2f metal and 98,8% space.

Applying these factors to the above conductivity figures, the wetal
conducts 0,00528 wa'hfs/inz'ﬁ and the spaces radiate 0,00hL3 wa’&?a/i& *C. The
tokal 15 0,00971 watts/in°C. For 8°C, we have 0,0777 watts/in? or 38,2 BTU/£d2
br allowable heat flow,

The conclusion reached is that the rate of heat flow through the anbtenna
migt be limited by sultable insulation, including insulated mounts, to keep the
thermal deflection within toler ble limits,

SEGRET
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Weapons Systems Technical Memorandum No. 225

ANTENNA SIDE LOBE EFFECTS IN SIDE-LOCKING
| DOPPLER RADARS
by

January 23, 1961
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ABSTRACT

REPORT No. _WSTM 225 pate __1/23/61 PacEs____ 1L _
Tiree__ ANTENNA SIDE LOBE EFFECTS IN SIDE-LOOKING DOPPLER RADARS

cLassiricaTion: ReporT___Confldential ABSTRACT* Conilg.en‘cia;

ABSTRACT:

Expressions are developed relating antenns side’
lobe structure to synthetic pattern structure in side-looking
doppler radars. The synthetic main beam appears quite insensi-
tive to antenna side lcobes. Antenns side lobe power at angular
equivalents of prf harmonics is important and produces synthetlc
pattern side lobes. These synthetic pattern side lobes have ‘
megnitudes approximastely equal to the square of the average
antenna side lobe level.

¥ABSTRACT SHOULD BE UNCLASSIFIED IF AT ALL POSSIBLE

AE65A

UNITERMS

Side-Looking
Doppler Radar
Side-Lobes

AUTHOR(S
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Introduction

The ¢bjective of this calculation is to obtain an estimate of the
relation between physical antenna pattern structure and synthetic antenna
pattern structure in a side-locking doppler radar. In particular, the effects
of antenna side lobes and sampling are of primary interest.

It is convenlent to express all relevant qua.ntities in terms of the
angle off the normal to the line of flight, . This angle may be related to
the time variable by means of the relation

- vt . ' '
=R (1)

© = angle off the normal to vehicle line of flight
V = vehicle velocity
R = range
1 = time
The following notation is adopted:
(8) = antenna gain pattern
| D(6) = doppler pattern
Q€)= sampling function
The signsl received from a target moving through the beam will

simply be the product of theee three quantities. This product will be called
the sperture function and denoted by A(©).

A(B) = G.QB)D(S)S(G) (2)

The function S{ © ) ies periodic and can be represented by a Fourler series.
The doppler pattern, although not periodic, is osclillatory. Their product
has the form of e harmonic series. In the signal proceseing operation, 1t is
cnly the fundamental component of this series which is significant. This
fundamental component is denoted by K‘(‘é“) .

In the signal processing operation, the function A(e)'is exployed as an aper-
ture function in a coherent optical system. The power distribution in image
space or the synthetic gain pattern may be expressed. %s

Ww(e-o )
Pe) ~ [S Ale)W(e-8) e (3)

CONFIDENTIAL
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An internally generated aperture weighting function, W( ), is
employed which is matched to the main beam portion of the antenna pattern for
optimum performance. The comstant KL is adjusted to yield a maximum output
from one of the doppler components. We now proceed to the detailed specifica-
tion of the factors composing A( © ) and the evaluation of the integral above.

The Doppler Pattern and Sampling Function

The doppler pattern will be of the following general form:

Do) ~ cos(Ke + ) | (1)
K= 3_;\3- (5)

The sempling function is represented as a sequence of narrovw sampling

pulses separated by the angular equivalent of the repetition period. A Fourier
series representation of such a function will be of the following form:

S(8) ~ | ¥2c052KE,0 +Ro54K%HO+ .., (6)
The parameter ©, will have the following relstion to the prf, f,
o :
®, = Zv v (7)

The product of D( © ) and 8( © ) will now be

DO) § (6) ~ 03(KEH Q) + cos(K(O-8— K6+ )

. 8
4 6% (Kce-ve,)“_st +cg) + e (8)

Only the Tirst three terms of thls series will be of significance in this
analysis. The aperture function, A( © ), is thus

Ao~ G (e)(ncstwe’“+?) + Cos((B-O)~KErP) +Co s(\ﬂe.-\-eo\"-\w:wf)) (9)
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The fundamental component is

G(s)c_as(mswg)’uyw:‘-\-c?) ,— 7 <o -

AR) ~ G(O) Lonlwe*+ ) - 8, (10)
Og; ) T L8 S S
G (8) coS(_\'\(e“ee)z"'KQ:'-\-?) SPTRS -

The syanthetic angenna pattern can now be expressed im the followimg form

"z T s ol o
P(e‘) ~ S G(.Q)W (_9-9‘\ co3(K(O+6,) - Ke-“"&’) < Aae
s .
Z
7 ik (e-oY
2 LK (e~
+ S CEMIE-8) cos (kT @) € \ 4@ ()
=S,
2 : 2
}%‘P - 2 AR(e- 9.)1_
+ S CBIW(O-6) cos(K(F-8) 6, +@) & de
(- W

.

Preliminary Evaluation

Teking the middle integral in equation (11) as an example, the f
product of the trigonometric and exponential factors may be expanded as

follows: ARE-BF KoMk IN(O-O0He e AK(E-6) iy
s (KE*+R) € =€ +ie

JAKOARKO,O+iKOBAE  _i20,0+ihO] i@

=21 )
3€ tie (12)

Because the argument of the first term contains 2% o* s 1t will oscillate
rapidly with © and will contribute little to the integral. On-the other hand,

LZK®,© in the argument of the second term will be very small for small O,
and the term itself will be approximstely a constant. The same cbservation can :
be made sbout the integrands of the other two integrale. On this basis, the
integrals will be simplified by dropping from consideration all exponential
factors with arguments containing terms of the form L2wer
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e ;2 ~L2K(6,*%6,)©
LKe\_*‘cg

e(eYW(e-8) e e

o\~ € S

P, BB
z
Be
Z -12xe,®

—sg

e

26, ,
z -A2K(6,-86)E

Z
-+ g.&&g)\l\’(e‘e\) =2 de

3

In order %o proceed further, specific ,_ﬂmétions mist be assumed for the
antenna pattern. This will be done in the next sectlon.

The Antenns Pe.ttem

A variety of assumptions might be made for the antenna pattern.
In genersl, it is desired to assume a form for which the integrals above may
be evaluated and which also preserves the essential features of the real
situstion. To this end, the following antenna pattern is adopted:

(1) A main beam is assumed with a Gaussian shape. It will normally be
supposed that the beamwidth is smell compared to the angle .

(2) A constant side lobe level is assumed without any lobe structure.

This assumed antenna pattern mey be en%oressed as
S

T aep*

ce)y = WV e + o (14)
(3 = antenna beamwidth

ol = average side lobe level

The form of this antenna pattern is i1llustrated in figyre 1 for
ol =,01 ~ ~204b .,

Further E‘mlmgtian

The antenns pattern adopted allows a relatively simple evaluation
of the integrals in equation (14). The weighting functionm, w( ), is made
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identical to the main beam portion of the antenna pattern. Because O, is
sppreciably larger than a beamwidth, the contribution of the main beam portion

of the antenna pattern may be neglected in the first and third integrals. '
Similerly, because of the localized nature of the functions G( © ) and W(© - ©,),
the integrals may be approximated by extending their limits to arbitrarily large
values. With these substitutions and modifications, equation (13) may be expreased

follows:
as follows: Q.Ke . oo 9_.\.59__6_‘1 1AXS,0
PO~ |e \—4)8 3ot 9

+d\e de
e (15)
~o_ (O~ 932. LZK(6,+8,) &
+ ol S e *Pep* de - |
- o 2
s c%gg — L2K(6,~-8))®
+ o S o de
Carrying out the indicated %pfra.tions‘, _ )
-2, —(.045)(2KBE
P~ |e ae[ru 0 & e "
‘ k6P Lo(RKAOF
+ A
~ ik - 2K 6,8, - LACQ)(.ZKP(.G —&)f” (16) |
+ Ae R |

WOl L 2K8, 8 - (-0“)(2\(;3(9 ©,)) J
A+ ol €

The first two terms peek at '©, = 0 while the last two terms peak at ©, =-6,
and ©, = B, ; respectively. because these terms are disjoint or non-overlapping,
their sbsolute values may be compubted separately. It may also be noted that

2 ; ,
o, /.\7;,(52(«(,.@45’ HRRRONE - 80 that the first of these terms may be

neglected., Performing these simplii‘ying operations ylelds
2 UMK S, gyt

£ e : » O &r -9,
- (oN(ZRPOY - (.0485)(RRPO)
~s L} - e
PN~ € I}f'f(\ £ + & ]) B, & © (17)
2 - CABYRAK (O, - S,))z
A e > e\ x eu
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For computational purposes, these results are most convenlently expressed in
terms of the synthetic beamwidth, B .

]
: (18)
2
2 - (BB 2
o((e * 36 B")‘ @5 'A‘:’;"@b
N
[S]
EEr -2 Ve (19)
o A (-d ~\-e¢< : eB) 19
Pey~ e Lu-arsde . e o

— Qea"‘ @c)z 2
( e ) 5 6 e,

The syanthetic beam pattern defined by this expression has been com-
puted and plotted in figures 2 and 3 for the two cases <& = .1 and .0l corres-
ponding to =10db and -20db side lobe skirtes. In figure 2, the pattern without
gide lobe sgkirts is indicated by a dasghed curve. In figure 3, the difference

between the main lobe pattern with and without side lobe gkirts is not dastectable.

Discussion

An enalysis has been performed to determine the relation between
side lobe energy in the physical antenns beam and the structure of the synthetie
beam pattern in a side-loocking doppler radar. A nuwber of assumptions were made
in order to eimplify the analysis as much as possible while still retaining the
assentlal features of the prdblem. The msjor assumptions adopted were:

(1) An satenns pattern is assumed to consist of a Gaussian main lobe plus
a consbant side lobe skirt. This differs from reslity to some extent
in that the side lobe pover is not localized in lobes but 1s spread
cut wniformly. As long as the magnitude of the skirt is equal to the
magnitude of the primary side lobes of an actual antenns, this
deficiency should not be significant. In fact, the case analyzed
should provide pessimistic estimmtes.

(2) It is mssumed that the processor employs s variable density weighting
mask matched to the main beam pattern of the antenna. This weighting
function materially aids in reducing the side lobe power in the
gynthetic beam pattern. Such a mask i3 an essential feature of an
optimum system, although not all actual procedsors employ them.

(3) Irc en optical processor, there will be two secondary focl in image
gpace besides the primsry focus. It was asgumed that all power
asgociated with these secondary foci could be neglected. This was
egsentially what wee belng done in the discussion relating to
equation (12). In an actual processor, special provisions are made
to block out this power.
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The final result in the form of a mathematical exprassion describing
the synthetic beem pattern is given in eguation (19). Mumerical results are
plotted in figures 2 and 3 for antenna side lobe ekirts of -10db and -20db. In
both cases, the synthetic main beam pattern with and without antenna side lobe
skirts is practically undisturbed. The synthetic pattern side lobes at angular
equivalents of the prf have magnitudes which are close to the square of the
antenna skirt power. That is; these synthetic pattern side lobes are close to
=20db and ~40db, respectively.

The following conclusicmz were dreawn from these results:

(L) The effects of antenna side lobes eppear to be wuch less important
than previcusly thought. In particular, anternne side lobes as large
as -10db seem %o have & negligible effect on the gynthetic main beam.

(2) More important then the primary antemna side lobes 1s the actenns
gide lobe power in the neighborhood of the angulsr equivalants of
prf harmonics. This powsr produces definite side lobes in the
synthetic pattern. These synthetic pattern glide lobes are guite
emall, however. If the antenns pattern skirt power is =10db, then
the synthetic pattern side lobes will be close to -20db. Synthetic
pattern side lobes of -20db are close to the 1imit which can be
achieved in suppressing synthetic psttern side lobes due to vehiele
motion disturbances. :

One question not considered in this analysis which might be of signi-
ficence in specifying antenne gide-lobe requirements is the effect of non-
linesrities in the signal procegsor. It was essentially assumed that the recording
and processing operations were linear. The dynamic renge of the medivm upon which !
the raw data is recorded is normally rather marginal. The dynamic range required
ig directly proportional to the anterna side lobe power. Thug, with large side
lobeg there may be substantial intermodulation on the raw data record. It is ,
guite possible that this phencmenon 1s dominent in determining side lobe specifica-)
tions. Thus, for a more complete story, the analysis in this memcrandum should be
supplemented by & further study of the effects of processor non-linesrities.
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